The following tannins, Chinese gallotannin, 1,2,3,4,6-pentagalloyl glucose, chebulinic acid, procyanidin dimers, and procyanidin trimers were tested and found to be antagonists of seven gibberellins (GAs). Each tannin inhibited the growth induced by any of the gibberellins GA1, GA3, GA4 , GA7 , GA9, GAI3 , and GA14 in the dwarf pea assay. Endogenous growth was not affected. The highest ratio of tannin to gibberellin tested (1000:1 by weight) inhibited from 60 to 953% of the induced growth for all tannins and all gibberellins tested. The tannins were particularly inhibitory against GA4 and GA14 where a ratio of 10:1 (tannins: GA by weight) resulted in up to 83% growth reduction. Inhibition could be completely reversed by increasing the amount of gibberellin in all combinations studied. The procyanidin dimers and trimers were the first purified components of condensed tannins to be tested in this system and were potent inhibitors particularly against growth induced by GA4 and GA14. Inhibition by these compounds along with similar inhibition by previously tested hydrolyzable tannins demonstrates that the effect is general to tannins of all classes.
tional GA3. There was also evidence of specificity because growth induced by IAA was not reduced, although growth induced by GA3 in the same system was blocked. Harada and Nakayama (8) have since reported that tannic acid inhibits GA3-induced growth in rice seedlings and has no effect on their endogenous growth. All work was restricted to interaction with GA3 only; no other gibberellins were used. The crystalline tannins used were all hydrolyzable tannins and only crude mixtures of condensed tannins were employed.
The purpose of this study is to examine the interaction of five tannins with several of seven gibberellins. Three of the tannins had been tested previously with GA3 and are now used with gibberellins other than GA3. Two others which are chemically defined components of condensed tannins had not been previously investigated and are studied with GA3 as well as other GAs.
MATERIALS AND METHODS Pea Seedling Test. Pea seedlings of a dwarf strain (Pisum sativum L., cv. Little Marvel) were used. Seeds were planted without soaking in greenhouse flats which were placed in an incubator at 20 C with alternating 12-hr periods of light and dark. Seedlings were treated 7 days after planting by applying a 0.01-ml droplet of test solution to the apical region. Measurements of the shoot length were taken 5 to 7 days after treatment. More complete information on the assay is given in the original description (4) and later modification (2) .
Tannins. The five tannins for this study were supplied by Dr. E. Haslam, University of Sheffield. Procyanidin dimers and trimers are purified components of condensed tannins and were obtained from Aesculus hippocastanum. Their extraction, isolation, and chemical analysis have been published (10, 17) . The dimers consist of a mixture of fractions B-1 and B-5 (17) ; their structures are shown in Figure 1 . The procyanidin trimers consist of a mixture of fractions D-1 and D-2; their structures as reported previously (10) are shown in Figure 3 . Tannic acid which is also known as Chinese gallotannin is an extract of galls produced by Aphis chinensis on leaves of Rhus semialata. It consists of a mixture of a gallotannin with smaller amounts of gallic acid, m-digallic acid, and trigallic acid. The gallotannin portion is based on a (3-penta-o-galloylglucose core to which three to five additional galloyl groups are attached as depside linkages (9) . The arrangement of these galloyl groups is not known with certainty. One possible isomer of a gallotannin containing eight galloyl groups is shown in Figure 5 . The tannic acid used in this study is of a lighter color and hence perhaps greater purity than the tannic acid tested previously (3) . In tests with GA3 its inhibitory strength was similar to that of the tannic acid in the earlier report (3) so this paper includes only investigations with gibberellins other than GA3. The final two tannins A-1 ,2,3,4,6-pentagalloyl glucose and chebulinic acid were tested previously with GA3. In all cases the tannins were added to distilled H20 and, if necessary, the mixture was heated to dissolved the tannins.
Gibberellins. Gibberellins A1, A4, As, A13, A13, and A14 were obtained from Dr. J. MacMillan, University of Bristol. The final experiments attempting to reverse inhibition of GA4-induced growth were performed with a second sample of GA4 also sent by Dr. J. MacMillan. It consisted of a mixture of 85% GA4 and 15% GA7. The GA3 was purchased as the sodium salt from Calbiochem, Los Angeles.
RESULTS
Tannins and Gibberellin-induced Growth. Five tannins were tested for their ability to inhibit growth induced by several of seven gibberellins in the dwarf pea assay. Three concentrations of each tannin were mixed separately with aqueous GA containing 0.05% Tween 20. Each seedling received 0.5 or 0.05 ng of GA. These mixtures were applied to seedlings and measurements of shoot length were taken 7 days later. In the absence of GA the tannins had no effect on the endogenous growth of the seedlings. The effect of procyanidin dimers combined with each of four GAs is shown in Figure 1, Each solution was assayed on 10 seedlings. The individual means used to determine the per cent inhibition were compared with the mean of the GA control. All means giving inhibition above 26% were significantly different from the mean of the GA control at the 5% level. All means giving less than 15% inhibition were not significantly different. Each solution was assayed on 10 seedlings. The individual means used to determine the per cent inhibition were compared with the mean of the GA control. All means giving inhibition above 35% were significantly different from the mean of the GA control at the 5% level. All means giving less than 34% inhibition were not significantly different. tannin combined with each of three GAs is shown in Figure 5 and the structure of this tannin in Figure 6 . The effect of pentagalloyl glucose with each of six GAs is presented in Figure 7 , and that of chebulinic acid with each of four GAs in Figure 8 . The structures of these last two tannins were given earlier (3) .
In all cases tested, the tannins inhibited the growth induced by each GA. rhe solution contained Root growth may be inhibited (7) or enhanced (11, 14) and germiitage reduction of the nation also may be inhibited or enhanced (6 (15) , and, in a strict sense dimers would not classify as tannins since they cannot tan leather. There are two possible mechanisms of tannin action which would most easily agree with these findings. Either the tannins could act as inhibitors of a protein that specifically recognizes gibberellins or they could act directly on the gibberellin molecule to render it incapable of promoting growth.
The way in which tannins interact in GA-induced growth might be clarified by considering some of the chemical characteristics of all the purified tannins already tested with GA3 in the pea seedling test. Table I gives 16 tannins and 2 related compounds that have significant inhibitory activity. These compounds are listed according to the molar ratio of tannin to GA3 at which 50% of the GA-induced growth is inhibited. In the case of the most inhibitory compound, terchebin, less than four molecules of the tannin will inhibit growth induced by one 
